One of the characteristics of autism spectrum disorder (ASD) is atypical sensory processing and perceptual integration. Here, we used an object naming task to test the significance of deletion of vertices versus extended contours (edges) in naming fragmented line drawings of natural objects in typically developing and ASD children. The basic components of a fragmented image in perceptual closure need to be integrated to make a coherent visual perception. When vertices were missing and only edges were visible, typically developing and ASD subjects performed similarly. But typically developing children performed significantly better than ASD children when only vertex information was visible. These results indicate impairment of binding vertices but not edges to form a holistic representation of an object in children with ASD.
Introduction
Recognition of visual objects plays a crucial role in our behavior, but its underlying mechanisms are not well understood. One well-established visual object recognition theory, recognition by component, suggests that objects are represented for purposes of recognition as an arrangement of simple parts, termed geons, and their relationships (Biederman, 1987) . The theory suggests that junctions of contours, called vertices, help define the particular part type (or geon) that activates specific neural representations that are invariant with the viewing angle (Hayworth & Biederman, 2006; Kayaert, Biederman, & Vogels, 2003) . Matched Lvertices that define deep concavities (or vertices) provide strong evidence for decomposing multipart objects into their component parts at those points (Biederman, 1987; Hoffman & Richards, 1984) . It has been shown in adult human subjects that deletion of the vertices results in a larger decline in object recognition performance than that of lines (or edges) connecting these structural components (Biederman & Cooper, 1991; Szwed, Cohen, Qiao, & Dehaene, 2009 ). An alternative model of object recognition implies that objects are represented by sets of 2-D snapshots Citation: Dehaqani, M.-R. A., Zarei, M. A., Vahabie, A.-H., & Esteky, H. (2016) . Impairment of perceptual closure in autism for vertex-but not edge-defined object images. Journal of Vision, 16(10):10, 1-14, doi:10.1167/16.10.10. (Poggio & Edelman, 1990; Ullman & Basri, 1991) . These image-based 2-D snapshot models do not predict any difference in contribution of different parts of the image and assume a similar role for vertex and edge information in object recognition.
Human fMRI and monkey neurophysiological studies have established that objects are represented in a distributed manner (Haxby et al., 2001; Ishai, Ungerleider, Martin, Schouten, & Haxby, 1999; Kriegeskorte et al., 2008; Tsunoda, Yamane, Nishizaki, & Tanifuji, 2001) . Neurophysiological studies in nonhuman primates show that neurons in the ventral visual pathway preferentially respond to shapes that form vertices (Brincat & Connor, 2006; Kayaert et al., 2003; Pasupathy & Connor, 1999; Vogels, Biederman, Bar, & Lorincz, 2001) . The distributed nature of representation of object features across different cortical areas necessitates a neural mechanism for binding the scattered information related to each object (Reddy & Kanwisher, 2006; Singer & Gray, 1995; Tanaka, 2003) . However, the exact nature of the neural mechanism underlying binding of object features remains largely unknown. Synchronized oscillatory activity linking different neural assemblies through horizontal cortical connections has been suggested as a potential binding mechanism (Eckhorn et al., 1988; Engel, Kreiter, König, & Singer, 1991; Gray, Koenig, Engel, & Singer, 1989; Singer & Gray, 1995) . An alternative mechanism for binding object features is the spike timing dependent plasticity (STDP). In this scheme, distributed neural representations of salient and consistently present object features bind together using the STDP mechanism, forming a spatially distributed but functionally integrated representation of objects (Masquelier, Guyonneau, & Thorpe, 2008; Masquelier & Thorpe, 2007) .
Atypical visual processing has been reported in individuals with autism spectrum disorder (ASD; for a review, see Simmons et al., 2009) . Weak central coherence is one of the theories that addresses altered visual processing in ASD (Frith, 1989) . Weak central coherence suggests that the process by which diverse information is integrated and higher meaning is constructed into context is impaired in ASD (Frith & Happ, 1994; Happé, 1999; Vanegas & Davidson, 2015) . According to this theory, individuals with ASD have problems with global processing and cannot integrate local information to form a coherent percept (Dakin & Frith, 2005; Happé & Frith, 2006; Van der Hallen, Evers, Brewaeys, Van den Noortgate, & Wagemans, 2015; Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2015) . They have a bias to local information processing (Happé & Frith, 2006) . In recognition of fragmented object images, fragments represent local information that has to be integrated to form a global concept. Previous studies suggest that ASD subjects demon-strate an atypical visual perception of fragmented objects and visual completion tasks (De Wit, Schlooz, Hulstijn, & Van Lier, 2007; Van Eylen et al., 2015) . Vertices and extended contours (edges) convey different types of visual information (Biederman, 1987; Hoffman & Richards, 1984) . It has been shown that typically developing subjects have better object recognition performance when the task requires integration of vertices, compared to edge local features (Biederman & Cooper, 1991; Szwed et al., 2009 ). However, the significance of vertex information for object recognition in ASD subjects is not clear. Impairment of communication between brain regions has been indicated as the main cause of many cognitive deficits (Ford, Mathalon, Whitfield, Faustman, & Roth, 2002; Konrad & Eickhoff, 2010; Krain & Castellanos, 2006) . For example, perceptual processes that require integration of sensory information across different modalities are impaired in ASD (Baum, Stevenson, & Wallace, 2015; Iarocci & McDonald, 2006; Stevenson et al., 2015; Stevenson et al., 2014; Tomchek & Dunn, 2007) . It is suggested that neural oscillatory activities that bind related perceptual information from multiple representations across the visual cortex are impaired in individuals with autism (Stroganova et al., 2012; Sun et al., 2012) . For example, ASD subjects who show elevated reaction times and reduced detection rates during the perception of upright Mooney faces also show reduction of the amplitude and phase locking of gamma-band activity (Sun et al., 2012) . Horizontal corticocortical connections and the inhibitory-excitatory imbalance in cortical circuitry may play a crucial role in mediation of these synchronous activities (Ermentrout & Chow, 2002; Lumer, Edelman, & Tononi, 1997; Van Vreeswijk, Abbott, & Bard Ermentrout, 1994) . Atypical horizontal interactions in the visual cortex have been implicated in ASD subjects (Casanova et al., 2006; Hussman, 2001; Vandenbroucke, Scholte, van Engeland, Lamme, & Kemner, 2008) . Also modeling (Bakhtiari, Sephavand, Ahmadabadi, Araabi, & Esteky, 2012) and experimental (Levitt, Eagleson, & Powell, 2004; Polleux & Lauder, 2004; Rubenstein & Merzenich, 2003) studies suggest a role for inhibitoryexcitatory imbalance in autism.
Here we compared object recognition performances of ASD and typically developing children using line drawings of objects as well as fragmented images of the same objects with either vertex or edge information. Both groups performed equally well in naming complete images. The naming performance of typically developing children was significantly higher for vertex versus edge images. This finding is consistent with recognition by component models of object recognition as it shows greater sensitivity of object naming to deletion of vertices than edges in typically developing children. But more importantly, and consistent with the expectations of the image-based representation theory, we observed that ASD subjects performed similarly in naming vertex and edge images.
Methods
Sixteen typically developing and 16 high-functioning autistic subjects (both groups 8-12 years old) participated in this study. All ASD participants met the criteria for autism based on the Diagnostic and Statistical Manual of Mental Disorders diagnostic (American Psychiatric Association, 2000), according to an independent child psychiatrist. Diagnoses were confirmed with the Autism Diagnostic Observation Schedule-Generic (Lord et al., 2000) by a trained rater. The high-functioning Autism Spectrum Screening Questionnaire (ASSQ) was used to determine the level of functioning in the autism group (Ehlers & Gillberg, 1993; Ehlers, Gillberg, & Wing, 1999) . The cutoff score of 19 is suggested as a reasonable score for identifying high-functioning ASD. IQ scores for all participants were measured by the Wechsler Intelligence Scale for Children (Wechsler, 1949;  Table 1 ).
Subjects were asked to name line drawings of familiar object images ( Figure 1A ). The line drawing images (black lines on a white background) were presented on a computer monitor, which was located about 70 cm from the subjects' eyes. The stimulus presentation was controlled by Matlab software Psychtoolbox (Brainard, 1997) . The size of each image was 78 of visual field. Two versions of each stimulus were made by deleting 50% of pixels at either vertices so only edges were visible (herein called EDGE) or deleting the lines (edges) between vertices so only vertices were visible (herein called VERT). Vertices were defined as any junction of two or more lines and any sharp concavity (Biederman, 1987; Szwed et al., 2009) . In each fragmented image, 50% of pixels were deleted, making the VERT and EGDE images complementary to each other without any pixel overlap.
Data were collected in two sessions. In the first session, only fragmented object images (VERT and EDGE) were presented to the subjects. In the second session, about 5-10 days later, complete versions of the same images without any part deletion were presented. In each session, a trial started with a red fixation spot (0.58 of visual field radius) at the middle of the monitor. A beep sound that lasted for 500 ms accompanied the onset of each fixation spot to draw subjects' attention to the stimulus. After 1500 ms fixation, a randomly selected stimulus was presented on the center of the computer monitor for 250 ms. Subjects were instructed to name the objects as quickly as possible. After the completion of each trial, subjects could start a new trial by pressing any key on a computer keyboard. No feedback about response accuracy was provided. Each subject only viewed one version of each stimulus (EDGE or VERT) to avoid the potential impact of recognizing the fragmented objects from seeing and recognizing the complementary version of the same object. For each subject, we randomly selected the EDGE or VERT version of each image. Each subject viewed and named 40 EDGE and 40 VERT objects. Subjects' oral responses were monitored online by the experimenter and were also recorded for offline analysis. Subjects' reaction times were acquired by analysis of their vocal response onset, which was recorded and later analyzed by locally made software.
The study was performed in accordance with the principles of the Declaration of Helsinki, and the procedure was approved by the Institute for Research in Fundamental Sciences Ethics Committee. Parents gave consent for their children's participation in the study.
Results
Sixteen typically developing and 16 age (8-12 years old) and IQ matched (Table 1) high-functioning autistic subjects participated in the object naming task experiments ( Figure 1A ; see Methods). Stimuli were line drawings of 80 familiar objects ( Figure 1B ). To make sure that differences in familiarity of the presented images among our subjects did not affect the results, we only used data of images for which each subject provided a correct response when naming the complete version of the images. On average, about 12% of images were discarded.
Naming accuracy (percentage correct) were similar for the two groups: the complete (original) and EDGE images (complete images in autism: 0.87 6 0.02, complete images in typically developing: 0.89 6 0.01; EDGE images in autism: 0.46 6 0.05, EDGE images in typically developing: 0.43 6 0.03; Figure 2 To examine the effect of deletion type (EDGE or VERT), subject type (ASD or typically developing), and their interaction in naming performance, we performed a two-way analysis of variance (ANOVA) with subject type and deletion type variables. This analysis revealed that although the types of deletion (EDGE and VERT) affected performance, accuracy of both subjects (ASD and typically developing) in response to fragmented images was similar (two-way ANOVA: deletion type, p , 0.002; subject type, p ¼ 0.24). Moreover, the interaction of deletion type and subject type did not describe naming performance (twoway ANOVA: interaction, p ¼ 0.07). Relative performances of individual subjects in naming EDGE and VERT images are depicted in Figure 3 . All of the typically developing subjects performed better in naming VERT images. However, performance of subjects with autism covered a much wider range and included subjects with better performances in VERT or EDGE images. To study the cause of this performance variability, we divided autistic subjects into two groups: seven subjects with higher EDGE/VERT performances and nine subjects with higher VERT/EDGE performances. We compared age (higher EDGE/VERT: 107.3 6 4.45 months, higher VERT/EDGE: 96.6 6 4.33 months, p ¼ 0.1), IQ (higher EDGE/VERT: 99.4 6 3.24, higher VERT/ EDGE: 104.8 6 2.56, p ¼ 0.19), and verbal IQ (higher EDGE/VERT: 92.1 6 3.12, higher VERT/EDGE: 101.7 6 3.62, p ¼ 0.06) of these two groups and found no significant difference (t test, p , 0.05). We also found no significant correlation between VERT and EDGE naming performances of the autistic subjects with IQ (VERT:
Stimulus complexity indexed by the number of components plays a crucial role in visual perception of fragmented object images (Biederman, 1987; Panis & Wagemans, 2009 ). In our study, the number of fragments in EDGE and VERT images could differentially affect the closure perception. To study and compare the impact of the stimulus complexity in subjects' naming performances of VERT and EDGE images, we divided images into simple (low number of fragments; n ¼ 33 for VERT and n ¼ 34 for EDGE) and complex (high number of fragments; n ¼ 32 for VERT and n ¼ 31 for EDGE) groups. We made the fragmented images by deleting (or keeping) the vertices so the number of fragments were an indication of the number of structural features and complexity of images as simple images normally have fewer structural features than complex ones. For this analysis, we excluded object images that yielded VERT and EDGE images with more than three fragment differences (n ¼ 15). But using all of the stimuli yielded similar results. Arrows in Figure 4 indicate the median (VERT: six, EDGE: eight) of the distribution of the number of fragments in EDGE and VERT images, which was used to divide the images into simple and complex groups. There was no significant difference between component numbers of EDGE and VERT in the simple and complex image groups (t test, p ¼ 0.13). As expected, there was a tight positive correlation between the number of fragments of EDGE and VERT images (r ¼ 0.95, p , 0.001; Figure 4 ).
Analysis of subjects' naming performances revealed similar performance of typically developing and autistic subjects for EDGE images of both simple and complex objects ( Figure 5A , B; simple: p ¼ 0.79, complex: p ¼ 0.43). Among all of the tested conditions, the lowest naming performances were observed for EDGE images of simple objects. Much better performances were observed for naming the EDGE images of complex objects (autism: EDGE simple: 0.33 6 0.06, EDGE complex: 0.56 6 0.05, p , 0.001; typically developing: EDGE simple: 0.31 6 0.04, EDGE complex: 0.52 6 0.04, p , 0.01). But performances for naming VERT images did not depend on object complexity in both groups ( Figure 5A , B; autism: VERT simple: 0.51 6 0.05, VERT complex: 0.53 6 0.05, p ¼ 0.71; typically developing: VERT simple: 0.6 6 0.04, VERT complex: 0.66 6 0.05, p ¼ 0.14). Consequently, a significant difference in the performance of autistic subjects was observed in naming VERT and EDGE images of simple ( p , 0.01) but not complex ( p ¼ 0.50) objects. Note that typically developing subjects performed better in naming VERT versus EDGE images of both simple and complex objects (simple p , 0.001, complex p , 0.001). Relative performances of individual subjects for EDGE/VERT of simple ( Figure 5C ) and complex ( Figure 5D ) images are shown to reveal individual differences between the subjects.
To test the effect of subjects' response delay time on their performances, we divided the trials based on the response onset time delays. Short and long response onset times were defined as those below or above the median value, respectively. In both conditions, autistic subjects were similarly affected by deletion of vertices or edges (fast trials: VERT: 0.79 6 0.04, EDGE: 0.75 6 0.04, p ¼ 0.48; slow trials: VERT: 0.6 6 0.05, EDGE: 0.63 6 0.06, p ¼ 0.58). However, in typically developing children, there was a significant difference in the naming performance of VERT and EDGE (fast trials: VERT: 0.87 6 0.03, EDGE: 0.76 6 0.06, p , 0.01; slow trials: VERT: 0.63 6 0.05, EDGE: 0.49 6 0.04, p , 0.01). Both groups performed significantly better in short response latency trials (autism: VERT, p , 0.01, EDGE, p , 0.05; typically developing: VERT, p , 0.001, EDGE, p , 0.001). Analysis of response latency of correct trials shows that, compared with typically developing children, autistic subjects' response onsets were significantly longer (EDGE: autism: 2.11 6 0.18, typically developing: 1.51 6 0.06, p , 0.01; VERT: autism: 1.79 6 0.1, typically developing: 1.47 6 0.06, p , 0.05). In addition, there was no significant correlation between stimuli complexity and subjects' reaction time (VERT: autism: r ¼ 0.13, p ¼ 0.26, typically developing: r ¼ À0.15, p ¼ 0.18; EDGE: autism: r ¼ À0.23, p ¼ 0.06, typically developing: r ¼ À0.15, p ¼ 0.22).
Psychophysical, neurophysiological, and imaging studies have proposed specialized neural structures and mechanisms for processing animal objects in humans (Downing, Jiang, Shuman, & Kanwisher, 2001; Loffler, Yourganov, Wilkinson, & Wilson, 2005; Nasr & Esteky, 2009) . In our analysis reported thus far, we used inanimate object images. To further test the structural feature (vertices) integration hypothesis, we tested a subset of ASD subjects (n ¼ 8) and typically developing (n ¼ 8) children in an animal naming task using the same paradigm as in the main study. Naming performance of the complete animal and inanimate images was similar in both groups (autism: animal: 0.84 6 0.03, inanimate: 0.87 6 0.02, p ¼ 0.32; typically developing: animal: 0.86 6 0.02, inanimate: 0.89 6 0.01, p ¼ 0.23). Importantly, naming fragmented images of animals yielded higher performances than inanimate objects in both groups (VERT images: autism: animal: 0.61 6 0.03, inanimate: 0.52 6 0.02, p ¼ 0.35; typically developing: animal: 0.82 6 0.02, inanimate: 0.64 6 0.01, p , 0.05; EDGE images: autism: animal: 0.64 6 0.08, inanimate: 0.46 6 0.04, p ¼ 0.12; typically developing: animal: 0.7 6 0.03, inanimate: 0.43 6 0.04, p , 0.01). The two groups of subjects also performed similarly well in naming the complete and EDGE animal images (complete images in autism: 0.84 6 0.03, complete images in typically developing: 0.86 6 0.02, p ¼ 0.58; EDGE images in autism: 0.64 6 0.08, EDGE images in typically developing: 0.7 6 0.03, p ¼ 0.60). Similar to the inanimate images, in the animal naming task, autistic subjects performed similarly in naming animal VERT and EDGE images (VERT: 0.61 6 0.03, EDGE: 0.64 6 0.08, p ¼ 0.17). In contrast, in the typically developing children there was a significant difference in the naming performance of animal VERT 
Discussion
In this study, we compared object recognition performances of ASD and typically developing children using line drawings of objects as well as fragmented images of the same objects that contained either only vertex (VERT) or edge (EDGE) information. Both groups performed equally well in naming complete object images. Performances of both groups declined when naming fragmented compared to complete images. Typically developing children performed significantly higher for VERT versus EDGE images. This finding is consistent with object recognition theories that expect greater sensitivity of object naming to deletion of vertices than edges (Biederman, 1987; Biederman & Cooper, 1991; Szwed et al., 2009 ). More importantly, ASD subjects performed similarly in naming VERT and EDGE images. This finding is consistent with the expectation of the image-based representation theories as these schemes do not assume any difference in contribution of vertices and edges in object recognition performance (Bülthoff, Edelman, & Tarr, 1994; Edelman, 1995; Edelman & Weinshall, 1991; Perrett, Oram, & Ashbridge, 1998) . The effect was particularly pronounced for more complex objects with many vertices. Considering the fundamental differences in neural representation of animate and inanimate objects, we also tested animate recognition and found a similar naming performance difference between subject groups for inanimate and animate stimuli.
Human fMRI and monkey neurophysiological studies have established that objects are represented in the ventral visual stream in a distributed manner (Fujita, Tanaka, Ito, & Cheng, 1992; Haxby et al., 2001; Ishai et al., 1999; Tsunoda et al., 2001) . The nature of the distributed code is not clear yet, but many neurophysiological studies in nonhuman primates show that neurons in the ventral visual pathway preferen- tially respond to shapes that normally form vertices (Brincat & Connor, 2006; Kayaert et al., 2003; Pasupathy & Connor, 1999; Vogels et al., 2001) . For example, the orientation signals at early stages of visual processing are synthesized into a representation of angle and curvature in V4 (Hegdé & Van Essen, 2007; Yau, Pasupathy, Brincat, & Connor, 2013) . The inferior temporal cortex (IT), which is the highest cortical structure involved in pure visual processing of shape information, also contains neurons that are highly sensitive to minor changes in the degree of curvature/angle of partially complex shape features (Tanaka, Saito, Fukada, & Moriya, 1991) . To our knowledge, there is no neurophysiological study showing the significance of exclusive edge information in object representation. Indirect evidence suggests that IT neural responses are robust to changes in edge conformation caused by variation in size, aspect ratio, or depth rotation as long as the vertices, which are critical for neuron activation, are visible (Esteky & Tanaka, 1998; Ito, Tamura, Fujita, & Tanaka, 1995; Kayaert et al., 2003) .
Neural responses activated by the presentation of incomplete and fragmented images are different (Doniger et al., 2000; Hirsch et al., 1995; Zeki, 1996) and can be noisier than complete images. Because of a more discrete neural representation of vertices, neural activity evoked by VERT images may be more similar to representation of the whole object than that of EDGE images. In such cases, object recognition exclusively based on edge information declines because it relies on matching noisy sensory representation with the related object memory. Similarly, low performances of both subject groups in naming EDGE images suggests that edge-dependent object recognition is a computationally more demanding task potentially due to the noisy nature of the sensory representation of the EDGE stimuli.
When only vertex information was available, ASD subjects performed significantly worse than typically developing children. Integration of the distributed information across the lateral occipital cortex requires linking the activated neurons representing each vertex fragment. Binding and linking the activity of these neurons is critical in recognition of objects. Significantly lower VERT naming performance of autistic subjects suggests that they have a lower capacity to link the distributed neural information of vertices.
This interpretation is consistent with other psychophysical studies on autism and typically developing subjects indicating atypical visuoperceptual integration in autism. For example, although detection of direction of first-order luminance-defined motion and orientation of simple gratings in ASD subjects is not different from typically developing individuals, they are impaired in detection of second-order texture-defined motion (Bertone, Mottron, Jelenic, & Faubert, 2003 and the more complex motion coherence (Spencer et al., 2000) . A distributed neural circuitry is thought to support discrimination of these complex conditions (Badcock & Khuu, 2001; . Such distributed networks in the dorsal (motion detection) and ventral (object recognition) visual streams require more complex integrative neural processes that seem to be impaired in ASD.
It is widely assumed that synchronized oscillatory activities link different neural assemblies and act as a binding mechanism (Eckhorn et al., 1988; Engel et al., 1991; Gray et al., 1989; Singer & Gray, 1995) . Our data suggests that this neural process may be impaired in autism. Several studies have suggested abnormal neural synchronization in the subjects with autism (Brock, Brown, Boucher, & Rippon, 2002; Dinstein et al., 2011) . These abnormal oscillatory patterns are observed in many cortical areas, including the visual cortex during the resting state (Cornew, Roberts, Blaskey, & Edgar, 2012) as well as object recognition conditions. For example, a picture naming magnetoencephalography (MEG) study has shown reduced evoked activity of high gamma in the superior temporal gyrus, low gamma power evoked in the left inferior frontal gyrus, and phase-locked beta-band in the occipital lobes of ASD, relative to the control subjects (Buard, Rogers, Hepburn, Kronberg, & Rojas, 2013) . Another MEG recording from adults with ASD during the presentation of Mooney faces (a visual closure task) highlights the impaired ASD gamma-band activity in complex visual processing (Sun et al., 2012) .
A potential alternative mechanism for impairment of vertex closure in ASD is a deficit in STDP. STDP has been suggested as a mechanism for the emergence of representation of partially complex, informative, and prototypical features that are salient and consistently present in images of an object. Representation of these features enables robust object recognition (Masquelier et al., 2008; Masquelier & Thorpe, 2007) . GABA circuitry affects STDP (Lamsa, Kullmann, & Woodin, 2010; Paille et al., 2013) . Imbalanced excitation or inhibition across the minicolumn cortex of those with ASD could be due to a reduction in GABAergic neurons (Casanova et al., 2006) . Modeling studies consistently suggest that the GABAergic system is impaired in autistic individuals (Bakhtiari et al., 2012; Polleux & Lauder, 2004; Rubenstein & Merzenich, 2003) . It is therefore possible that the formation of STDP-dependent prototypical object feature representations is impaired in autistic subjects. Further studies are needed to understand the neural mechanisms of object closure impairment in autism reported in the current study. Impairment of other high-level mechanisms, such as filling-in and illusionary contours, in ASD subjects may also explain the selective vertex closure impairment observed in our study. The filling-in phenomenon typically occurs when straight edges are missing, such as the Kanizsa figure (Weil & Rees, 2011) . Illusionary contour processing is also impaired in the brain of children with ASD (Stroganova et al., 2012) . These findings suggest a mechanism for the lower performance of ASD subjects in naming VERT (straight line deleted images) in our study. Further evidence consistent with this notion comes from the fact that spatial integration of shape information, such as contour integration, relies on horizontal connections (Gilbert, Das, Ito, Kapadia, & Westheimer, 1996; Li & Gilbert, 2002) . The horizontal connections are impaired in ASD (Casanova et al., 2006; Hussman, 2001) .
Image-based object recognition theories do not assume any difference in the contribution of different parts of an image in object recognition, and the theories assume a similar role for vertex and edge information (Bülthoff et al., 1994; Edelman, 1995; Kourtzi & Shiffrar, 1999) . Unlike typically developing children, the VERT and EDGE object naming performance of ASD subjects in our study were comparable and thus consistent with these models. It should be noted that the establishment of a link between neurophysiological processes or models of object recognition and our observations in ASD children needs further investigation.
The fact that typically developing and autistic subjects' performances were not significantly different in naming complete, simple EDGE, and complex EDGE images suggests that differences in task difficulty and level of required attention to perform the tasks were not responsible for the observed differences between the two groups in naming fragmented VERT images.
Naming performances of complete inanimate and animal images were similar in both typically developing and autistic subjects. However, the performances of both typically developing and autistic subjects were higher in naming fragmented images of animals compared to inanimates for both VERT and EDGE stimuli. The observed effect was not due to higher familiarity of the two subject groups with animal objects because (a) the subjects' performances in naming complete animal and inanimate images were similar, and (b) in both animal and inanimate objects, we only analyzed stimuli for which a correct response was obtained when the complete image was presented. Numerous neurophysiological, psychophysical, and imaging studies have indicated specialized neural structures and mechanisms for processing animal objects in human (Downing et al., 2001; Loffler et al., 2005) and nonhuman (Afraz, Kiani, & Esteky, 2006; Bell et al., 2011; Kiani, Esteky, Mirpour, & Tanaka, 2007) primates. Similar to objects, animate identity information is shown to be represented in a distributed manner (Kriegeskorte, Formisano, Sorger, & Goebel, 2007) . Thus, the similarity of object and animate naming performance reported in our study is expected.
Conclusions
We asked typically developing and ASD subjects to name fragmented visual objects with either missing vertices or elongated edges. We found that when the vertices were missing and only objects' edges were visible, typically developing and autistic subjects' performances were similarly low. But more importantly, ASD children performed significantly worse than typically developing children in naming the fragmented images of objects when only vertices were available. These findings indicate atypical visual processing in ASD individuals. Although the cause of this impairment is not clear and needs further investigation, the potential candidates are impairment in integration of fragmented information due to malfunctioning of neural oscillation, impaired STDP, biased local processing, and image-based object representation in ASD individuals.
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